Introduction
Periodontitis is the major chronic inflammatory oral disease in dentate people. It is a multi -factorial influenced by genetics as well as by the environment 1 . It is initiated by gram negative bacteria that secrete various cytokines from lipo-polysaccharides 2 . Improper or exuberant immune response lead directly toward over production of inflammatory cytokines that lead to deleterious inflammatory processes and destruction of the periodontal tissue and alveolar bone, consequently periodontal attachment loss 3 .
Interleukin-6 (IL-6) is an important cytokine involved in the regulation of host response to tissue injury and infection 4 . IL-6, produced locally in bone following stimulation by IL-1 and tumor necrosis factor (TNF) 5 , by a variety of cells, such as monocytes, fibroblasts, osteoblasts, and vascular endothelial cells in response to inflammatory challenges.
IL-6 activity in inflammation is considered double-edged (a pleiotropic cytokine), that may enhance or suppress inflammatory bone destruction. Traditionally IL-6 has been considered to be a pro-inflammatory mediator, because it is induced by IL-1 and TNF-α early in the inflammatory cascade and stimulates expression of acute-phase proteins that have anti-inflammatory properties 6. Previous studies reported anti-inflammatory properties of IL-6; it can increase the production of tissue inhibitors of matrix metalloproteinases (TIMP), suppresses IL-1 expression, can induce the synthesis of IL-1 receptor antagonist (IL-1Ra) and the release of soluble TNF receptors 4 . Recent studies demonstrate that IL-6 deficient in many typical pro-inflammatory properties and exert a number of anti-inflammatory activities such as; indirect stimulation and production of; collagenase, and matrix metalloproteinase, or stromelysin, inhibition superoxide production, and suppression spontaneous IL-1-mediated degradation of cartilage matrix 5 .
Therefore individual variability in the ability to synthesize and release of IL-6 may modulate the susceptibility, development, and progression of a number of autoimmune and inflammatory diseases (periodontal diseases) which are recently reported to be associated with IL-6 deregulation 6 .
Sialic acids are a family of nine carbon acidic monosaccharide. An important function of host sialic acid is to regulate innate immunity 7 . Bacteria with capsular polysaccharide (such as gram negative bacteria) containing sialic acid interacts with component of the hosts nonspecific immune response, may modulate the ability of the host to mediate an immune response by affecting the release of cytokine molecules thereby disrupting the coordination of the hosts cell-mediated immune response 8 . Pro-inflammatory cytokines such as interleukin-1, interleukin-6, and tumor necrosis factor-α stimulated to produce acute-phase glycol-proteins with sialic acid as a component of the oligosaccharide side chain 9 . Sialic acid is a stable and representative marker of the overall acute-phase response 10 .
The current criteria for assessment of periodontal tissues surrounding teeth were based on clinical and radiographic changes. Saliva is a non-invasive suitable environment for biochemical and immunological analysis and can be an early indicator for detection of active periodontal disease 11 .
Imbalance between pro-and anti-inflammatory cytokines could be involved in the initiation and progression of chronic periodontitis 12 .There are conflicting reports on differences in salivary IL-6 levels between chronic periodontitis and healthy subjects. Studies are required for clarifications the roles of IL-6 in periodontitis progression and identifying factors that may affect the role of IL-6. Therefore this study conducted to evaluate interleukin-6 levels in periodontitis and its relation to clinical features and inflammable salivary biomarkers; total sialic acid and its fraction and total proteins to identify its role in disease progression.
Methods and patients:
The study was observational case-control study. It was arried out in the dental teaching clinic -College of Dentistry / Hawler Medical University. 
Participants (Study populations):
A total of 60 convenient samples recruited in this study, with age ranged between 18 and 70 years of both genders. They were screened for periodontal health status and divided into three groups; first were 20 participants free from periodontal disease and regarded as control group, second 32 dentate out patients group, diagnosed with chronic periodontitis disease,(had >3-≥7mm pockets depth), according to the classification of the periodontal diseases issued by the American Academy of Periodontology 13 , in 1999, third group were 8 partial edentulous periodontitis patients with history of treatment.
Inclusion criteria: Healthy participants systemically and with no history of periodontal and antibiotic treatment prior to the study for three month.
Exclusion criteria: Pregnant and lactating women and patients with systemic diseases.
Sampling technique: A structured questionnaire (interview form) was used to collect data by asking the studied population about social and behavior factors included; age, sex, occupation, educational levels, smoking status, oral hygiene habits (frequency of tooth brushing, use of dental floss), and use of medications. All participants were informed on the procedure and their consents had been taken.
Clinical measurement:
The clinical periodontal examinations were carried out by the trained dentist and calibrated by the supervisor of the teaching clinic. The measurements included; bleeding on probing by Saxer and Mühlemann
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, probe pocket depth (PD) was measured with (Williams probe), for all teeth from gingival margin to the base of pocket at four sides (labial/buccal, lingual/palatal, mesial and distal surfaces), per teeth, mobility of teeth classified by Carranza and Takei
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, and miss of teeth. Classifications of The (AAP) 13 were used for identifying the severity of disease; probing depths >3 & <5 mm (mild pockets), ≥ 5 & <7 mm (moderate pockets) and ≥ 7 mm (sever pockets). The gingival index (GI) and plaque index (PI) scores were recorded, using criteria of (Löe, 1987) 16.
Saliva collection
Saliva samples (prior to the clinical measurements) were collected from all subjects between 9 and 11 hours am. Spitting method 17 was used for collection un-stimulated whole saliva. Patients were prevented from eating, drinking, and oral hygiene for 2 h before collection. The samples were stored at -20 0 C for one hour, then centrifuged immediately at (10000) g and at 4
0 C for 20 minutes to obtain supernatant and precipitate. Both fractions were stored at -20C 0 for analysis. 
Results
The studied population composed of 32 (53.3%) periodontitis, 20 (33.3%) participant as control and 8 (13.3%) partial edentulous patients with teeth miss more than (10).
Salivary mean levels of IL-6, total sialic acid and total protein
Statistical analysis showed a significant (P≤ 0.01) difference in the means of total sialic acid and total protein between periodontitis, control, and partial edentulous group. Post Hoc Least Significant Difference (LSD) test showed significant (P≤ 0.01) difference of periodontitis with control and partial edentulous groups in sialic acid, while partial edentulous showed similarity with control group. Total salivary proteins, in periodontitis differ significantly (P≤ 0.05) with control but not with partial edentulous. There was also a significant (P≤ 0.01) difference in the means of IL-6 between the groups. Post Hoc (LSD) test showed significant highest value (P≤ 0.01) value of IL-6 in partial edentulous compare to periodontitis and control groups. Relation of ages with salivary IL-6 and cases: Statistical analysis showed a significant correlation of IL-6 with ages and significant differences of IL-6 among age groups. There was also significant relation and differences of ages among cases. Binary Logistic regression showed a significant little increase risk of IL-6 levels in old ages and in partial edentulous, Table ( 2).
Relation between IL-6 and periodontal health status in periodontitis: Table ( 3) shows significant positive correlations of IL-6 and protein bound to sialic acid (PSA) with probe pocket depth (PD). There was also high relations of (IL-6) and total sialic acid with mobility of teeth. Statistical analysis showed significant differences in the means of IL-6 and PSA among groups of probe depth (PD), and TSA among teeth mobility scores. Assosiation of IL-6 in partially edentulous with periodontal health status Table (4) shows a negative correlation of IL-6 with probe pocket depth, and significant positive correlation of IL-6 with gingival index GI and significant difference of IL-6 among GI groups. There was also negative correlation of probe pocket depth with TSA (-0.85, P value = 0.1) and its fractions, while GI showed positive significant correlation (0.78, P value = 0.05 * ) with FSA in sediment of saliva.
Correlation of IL-6 with total sialic acid and its fractions among groups of studied population:
Statistical pearson's correlation showed a significant correlation of (IL-6) with protein bound sialic in supernatant (r=0.468 ** ), (Fig 1) and total salivary protein (r=0.451 ** ) in periodontitis,. While lipid bound sialic acid in sediment showed significant (P≤ 0.05) negative correlation (r= -0.382 * ) with (IL-6) in periodontitis (Fig 2) as well as free sialic acid in sediment of saliva showed a significant positive correlation (Spearman correlation value= 0.820 * ) with salivary IL-6 among partial edentulous group. 
Discussion
Salivary levels of IL-6, total sialic acid and total protein in periodontitise and controls Total salivary; sialic acid, protein and IL-6 showed significant high concentration in periodontitis patients compare to controls. This view pathogenesis role of increased salivary TSA levels in periodontal disease suggested by Shinohara et al. 22 and can differentiate between periodontal disease and normal condition. High level of IL-6 is in line with previous studies (Elbersol and Cappelli 23 , Miller et al. 24 ) who found that periodontitis patients have higher (IL-6) levels when compared to the periodontally healthy population. This result is in contrast with studies of Nibali et al. 6 and Shaker and Hashem 12 who found no significant difference in the levels of IL-6 between chronic periodontitis and periodontally healthy subjects.
Significant difference in the level of total; protein, sialic acid and (IL-6) between periodontitis and control may be returned to virulence type of bacteria and its products in periodontitis, and change in biosynthesis and post translational glycosylation processes of the acute-phase glycoprotein in the liver as indicated a by significant positive and negative correlation of (IL-6) with, protein bound to sialic acid (PSA), and lipid bound sialic acid (LSA) in sediment respectively. Bacteria with virulence factor included either serotype lipopolysaccharide or specific antigen stimulates secretion of cytokines from monocytes that are modulated with sialic acid. This was in agreement with Soell et al. 25 who stated that structurally related cell surface proteins from streptococcus mutans (major bacteria of oral cavity) binds to monocyte surface receptors via sialic acid residues and exerts immune-modulator effects on human monocytes like induction of (TNF-α), IL-1β, and IL-6).
Mean level of salivary (IL-6) in control in this study was in agreement with other investigators 26, 27 who found low levels (1.4±1.0 pg/ml) and (1.8± 4.25 pg/ml) for salivary (IL-6) respectively. Salivary levels of IL-6, total sialic acid and total protein in partial edentulous
Majority (75%) of partial edentulous group were female former smokers, in age group years. Low number of teeth caused lower intensity of inflammation compared to dentate periodontitis group as indicated by lower levels of total salivary sialic acid. This result conforms the hypothesis that intensity of periodontal inflammation has been associated with the number of teeth affected 28 and ensured by no significant difference in the level of sialic acid between partial edentulous group and controls. Similarity of partial edentulous group in total protein with periodontitis. may relate to history of accumulation effects of periodontitis and treatments process and increase in salivary antimicrobial agents. This result consistence with Jawzaly 1 and Shetty and Pattabiraman 20 who found high concentration of total protein in periodontitis and gingivitis.
High value of IL-6 may due to; sex and old ages, that affect salivary secretion and flow rate 29. This result consistence with Alwan et al. 30 who found significant difference in the volume of gingival crevicular fluid between chronic periodontitis and healthy control and with Slade et al. 31 who suggested that C-reactive protein levels among edentulous not similar to periodontal healthy individuals and could be raised by other risk factors; ages, and smoking, Additionally history of periodontitis and accumulative effects of treatments may affect the volume of saliva and change the equilibrium between the activities of pro-inflammatory and anti-inflammatory cytokines and determine the stage of severity and dissolution of inflammation as stated by Shaker and Hashem 12 and reported that the total amount of cytokine might be more representative of the disease condition as compared to its concentration. This result also accompanied with Nibali et al. 6 who reported that IL-6 increase associated to the short-term inflammatory response to therapy and long-term reductions when a clinical improvement in the periodontal status is obtained. This idea was more abundant among former smokers who had history of compromised outcome of periodontal therapy and conform Goutoudi et al. 4 who found higher concentration of IL-6 in gingival cervicular fluid in diseased sites following treatment, and better clinical result in nonsmokers following treatment of periodontitis.
Relation between ages and Interleukin 6 (IL-6)
Poor periodontal status in old ages reveals a cumulative effects of periodontal microbial challenges and periodontal treatment, which cause severe diseases in old ages as indicated by high PD and mobility scores in periodontitis and more teeth miss in partial edentulous. This result agrees with Goutoudi et al. 32 who reported deterioted periodontal status (according to periodontal indices) with age. Also Jawzaly et al. Relation between (IL-6) and periodontal health status among periodontitis and partial edentulous Association both IL-6 and sialic acid with periodontitis indices reveals predictor roles of both for severity of periodontitis. Results of IL-6 consistence with Shaker and Hashem 12 who found a significant positive correlation between periodontal param-eters and serum IL-6, also Alwan et al. 30 who found a positive significant correlation between quantities of IL-6 in crevicular fluid and tissues inflammation (GI) and destruction (Pd), and with Ng et al. 33 who identified significant correlation between alveolar bone loss score and (IL-6).
Accompanying association of (IL-6) and sialic acid with its fraction with indices of periodontitis can be explained by interaction of sialic acid of salivary glycoprotein in pellicle and products of bacteria and immune system. This view the finding of Murray et al. 34 that tissues destruction and pocket formation and mobility are the result of long accumulation of plaque, and bacteria toxic products and immune system mediators; such as collagenase, metalloproteinase, that are stimulated and produced by IL-6. It is online also with Gani et al. 35 who proposed releases of inflammatory cytokines, including interleukins IL 1α and IL-6 and tumor necrosis factor-α, as a result of the recruitment and activation of the monocyte/T-lymphocyte axis by bacterial proliferation and / or bacterial products in periodontal pockets. This in turn leads to periodontal tissue destruction.
Negative correlation of IL-6 and TSA with PD and significant positive correlation of IL-6 with GI in partial edentulous conforms moderate to severe gingivitis and history of irreversible tissues destruction and pocket formation among partial edentulous group. This result supports Geivelis et al. 36 who found significant positive correlations between GCF IL-6 levels in sites with gingivitis than in healthy ones and Goutoudi et al. 4 who found negative correlation between total IL-6 in GCF and PD among patients with chronic periodontitis, and Murata et al. 37 who found no association between severity of periodontitis and the number of teeth and circulating IL-6 in the elderly. However it is in contrast with previous results suggested a positive correlation of total IL-6 with disease activity and bleeding as well as PD (Lin et al. 38 ). Different results in different studies support the idea that the production of inflammatory mediators differs by type of sample and from subject to subject and other several factors; genetic and bacterial composition 4 .
Correlation of IL-6 with total sialic acid and its fractions in periodontitis and partial edentulous High correlation of (IL-6) with PSA and total salivary protein may due to the role of (IL-6) in inducing synthesis of other mediator and enzymes and agrees with Gani et al. 35 who reported that (IL-6) increased hepatic protein synthesis of acute phase proteins (such as richily sialylated α-acid glycoprotein, carbon reactive protein, and others) and decreased synthesis of negative reactant proteins.
LSA and FSA in sediment of saliva represent fraction of cells, and high molecular weight mucin (MG1) 39 . Negative correlations LSA and positive FSA with (IL-6) in periodontitis and partial edentulous respectively may explore significant role of terminal sialic acid mucin in both adherence and aggregation by cleaving sialc acid and using it by bacteria depending on the severity of inflammation. Salivary sediment LSA in periodontitis may represent incorporation terminal sialic acid of MG1 with lipo-polysaccharide of gram negative bacteria that can hinder the function of the host defenses as reported by 1 . Additionally degradation of MG1 causes precipitation of its glycoprotein which has sequestering effect for soluble (IL-6) 33 , and may cause decrease in the level of soluble (IL-6). These results combine also with Gibbons et al. 40 that terminal sialic acid mucine glycoprotein cleavage create a variety of carbohydrate linkages.
Correlation of salivary IL-6 with FSA in sediment of partial edentulous may reveal role of IL-6 in regulation of the innate immune response to inflammation by change in glycosylation of glycoprotein of free mucin that induce IL-6 secretion. This result explores the suggestion of 41 that terminal sialic acid of free glycoprotein mucin is important component of interaction with bacteria protein and prevents colonization by aggregation and swallowing and McBride and Gisslow 42 who showed a correlation between the amounts of sialic acid released from normal saliva and its aggregating activity. Association may due to IL-6 in modulation protein secretion and glycosylation as suggested by previous studies Groux-Degroote et al. 43 , and Chaudhury et al. 44 that changes in glycosylation of mucin may induce interleukin 6 secretion.
These observations may reveal anti-inflammatory role of IL-6 and consistence with Tilg et al. 45 that (IL-6) regulated acute phase proteins that have anti-inflammatory and immuno-suppressive properties, and may regulate the acute phase response negatively. Also 46 concluded that IL-6 suppresses IL-Iβ and TNF production induced by LPS and may provide negative feedback effect.
Limitation of the study: Small sample size and lack of longitudinal monitoring the changes in salivary biomarkers from onset of periodontitis, progression and treatment
The findings concluded that salivary sialic acid and IL-6 are oral inflammatory biomarkers in dentate periodontitis. Direction balance of IL-6 toward pro and anti-inflammation can be diagnosed by sialic acid fraction, and affected by age (which determine the number of teeth, and salivary; flow rate and volume), and treatment history.
